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The effect of E. coli endotoxin on the heamolymph coagulation  response of Archachatina marginata 33 
was studied. Heamocyte Lysate(HL), Haemocyte Lysate Supernatant(HLS) and Haemocyte Lysate 34 
Debris (HLD) were exposed to Escherichia coli endotoxin. Controls were prepared with endotoxin-35 
free water(<0.025 EU/ml). The differential protein coagulation was estimated in each mixture. 36 
Fractions of the haemolymph exposed to endotoxin produced higher protein coagulates than 37 
endotoxin-free fractions when incubated at 37 °C for 1 h (p<0.05). The results showed significantly 38 
higher (p<0.05) concentrations of protein coagulated when HL/plasma mixture were used than when 39 
either fraction was used. At a ratio 1:1 of HL:Plasma, highest protein coagulation was recorded. This 40 
study revealed that maximum protein coagulation in response to endotoxin was elicited by a synergy 41 
between plasma and haemocyte lysate(HL). From this research haemolymph fractions of Archachatina 42 
marginata may provide an alternative test material for endotoxin in medical preparations in the future. 43 
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BACKGROUND 49 
 Innate immunity  in invertebrates is a nonclonal defence mechanism which depends upon 50 
the ability of the organisms to repond to Pathogen Associated Molecular Patterns(PAMPs), 51 
through the use of Pattern Recognition Receptors (PRRs) on their hemocyte cell membranes ( 52 
Medzhitov and Janeway, 1997). The recognition of PAMPs leads to generation of responses 53 
leading to the destruction of the invading pathogen . Such responses lead to recognition of self 54 
and nonself antigens and help protect the organism against pathogens(Janeway, 1982). 55 
Responses elicited may include protein coagulation and /or melanization or synthesis of 56 
antimicrobial peptides. PAMPs are generally preserved patterns associated with microorganisms 57 
such as the peptidoglycan in all bacteria, Lipid A of the Lipopolyssaccharides of gram negative 58 
bacteria and beta-1-3 D-glucans in fungi(Janeway, 1989).  59 
 The invertebrate protein coagulation systems have been shown to be important in the 60 
innate immunity of the invertebrates against micro organisms. In the crustaceans for example, 61 
processes of defense involve agglutination, encapsulation, phagocytosis, glycoproteins and 62 
clottable proteins. All  are induced by carbohydrate-driven recognition patterns(Vasquez et al., 63 
2009). The invertebrate coagulation systems are well studied in the limulus crab, freshwater 64 
crayfish, silkworm larvae and a number of insects. However, there is dearth of information about 65 
the innate immunity of the molluscs. A study of Archachatina marginata haemolymph 66 
coagulation responses to Escherichia coli endotoxin is of interest. 67 
 Archachatina marginata,  is a gastropod found in the forest and savannah areas of West 68 
Africa(Raut and Barker, 2002). In Nigeria, it is a good source of protein, eaten in soups and stew. 69 
The heamolymph is used in folk medicine. During circumscision, fresh heamolymph obtained by 70 
apical cracking of the shells of the snails is applied to the fresh cut. This was believed to aid 71 
quick healing and  prevent infection of the wound. However no scientific evidence has been 72 
shown to support this practice. The snails haemolymph is today being used in traditional 73 
medicine practice in Nigeria for treatment of various illnesses. The hemolymph biochemical 74 
parameters have been reported to contain, total protein 4-10g/dl, albumin/ globulin ratios similar 75 
to those of some mammals like the pangolin and sheep (Ogunsanmi et al., 2003).  76 
 No report has yet been made before now of the presence of LPS-binding protein(s) in the 77 
African giant land snail-Archachatina marginata.  78 
This study was designed to examine the endotoxin-nduced protein coagulation reactions in 79 
Archachatina marginata haemolymph fractions. Endotoxin was produced from an un-typed 80 
strain of Escherichia coli. The haemolymph fractions – HL, HLS, HLD and Plasma  were 81 
subjected to equal concentration of endotoxin(0.1EU/ml reaction mixture) incubated at 37 oC for 82 
1h and compared with controls exposed to endotoxin-free water(≤0.025EU/ml). Quantity of 83 
protein coagulated (expressed as A 550nm) was estimated for each fraction and the control. A 84 
mixture of HL and Plasma in various ratios were also subjected to equal quantity of endotoxin 85 
and traeted as outlined above. Quantities  of protein coagulated  were plotted against 86 
concentration of endotoxin in Endotoxin Unit per ml (EU/ml). This was to establish the optimal 87 
ratio of HL to Plasma required for maximum protein coagulation in response to endotoxin. 88 
Further studies were also carried out to determine the dependence of quantity of  protein 89 
coagulated on the Concentration of endotoxin(EU/ml) introduced. Optimal mixtures of  HL : 90 
Plasma mixture were exposed to endotoxin concentrations ranging from 0 to 5.0 EU/ml and the 91 
protein coagulated estimated as A 550nm and plotted against concentration of endotoxin in 92 
EU/ml.  93 
MATERIALS  94 
  20  snails Archachatina marginata were purchased from Ipata market. Ilorin, Kwara 95 
State, Nigeria weighing 400-470g each with shell lengths of 165± 10mm and largest whorl 96 
circumference of  145± 15mm. A sampleof the snail was submitted to the Department of 97 
Zoology , University of Ilorin for identification. The sample was deposited with the department 98 
as reference sample. Dexrose monohydrate powder and Escherichia coli laboratory isolates were 99 
obtained from the Quality Control/Assurance Department of Biomedical Limited, Ilorin, Nigeria. 100 
All chemicals used were of analytical grade and obtained from the chemical store of the 101 
Department of Biochemistry, University of Ilorin, Ilorin,Nigeria. 102 
METHODS 103 
Preparation of endotoxin from Escherichia coli  104 
 5% dextrose solution was prepared with sterilized endotoxin-free distilled water and 105 
dextrose monohydrate powder. The solution was innoculated with a strain of laboratory isolate of 106 
Escherichia coli and incubated at 37ºC for 48 hours and then autoclaved for 35 minutes. A  5% 107 
dextrose control solution was prepared  but sterilized immediately. The microbial load of both 108 
solutions were determined by using the pour plate methods. The pyrogen(endotoxin) content was 109 
determined using the standard rabbit test method as descrbed in the British Pharmacopoeia 2002.  110 
Extraction of haemolymph 111 
 The snails were washed in distilled water to remove dirt from their shells and foot by 112 
gently rubbing with hands. The heamolymphs were obtained by apical cracking method 113 
(Ogunsanmi et al., 2003). The fresh heamolymphs obtained per animal was between 20 -25 ml in 114 
volume and pooled together. Equal volume of 10 mM EDTA in  10mM phosphate buffer pH 7.0 115 
containing 0.142 M NaCl and  0.18M  glucose was added and centrifuged at room temperature , 116 
800 x g for 10 min( Kopacek and Soderhall 1993). The supernatant was collected as 117 
Archachatina marginata Plasma. The pellets were washed in 10 mM phosphate buffer pH 7.0 118 
containing 0.1M CaCl2 and centrifuged at 800 x g for 10 minutes. The supernatants were 119 
discarded and the pellets harvested as hemocytes and then homogenized in a 10mM phosphate 120 
buffer pH 7.0 containing 10 mM EDTA. The homogenate was suapended in the same buffer and 121 
adjusted to the initial actual volume of the haemolymph that was processed. The homogenate 122 
was the Heamocyte Lysate(HL). 10 ml of HL was centrifuged at 800 x g for 20 min and the 123 
supernatant collected as HL supernatant(HLS). The pellet cytosol free Haemocyte Lysate Debris 124 
(HLD) contained the hemocyte membranes were washed twice in  1 ml 10 mM phosphate buffer 125 
pH 7.0 and suspended in the same buffer made up to the initial hemolymph volume that yielded 126 
the HLD. The fractions were stored frozen. 127 
Coagulation reactions in the HL, HLS, HLD and Plasma 128 
 Borosilicate glass tubes and pippetes previously depyrogenated by dry heating in an oven 129 
at 250 ºC for 30 min( Martindale The Extra Pharmacopoeia, 1989) were used for this experiment. 130 
0.1 EU in 0.1 ml distilled water was added to 0.8 ml of HL and 0.1ml CaCl2.  Same procedure 131 
was repeated using HLS, HLD and Plasma respectively. Four replicates were prepared for each 132 
hemolymph fraction. A control was prepared in quadruplicates for each fraction using  endotoxin 133 
free water (< 0.25EU/ml). The reaction mixtures were incubated in an incubator at 37 ºC for 1 134 
hour. Coagulants were observed in each tube. The coagulants were fixed to the bottom of the 135 
tubes by centrifugation(Vasquez et al. 2009) and the supernatants discarded. The pellets were 136 
dissolved in  0.9% w/v sodium chloride solution. 137 
 Determination of protein content in the coagulants obtained from HL, HLS, HLD, Plasma 138 
and the Controls. 139 
 The total protein contents of each fraction and its control were determined using biuret 140 
reaction(Gornal et al.,1949). The characterisation of the protein coagulates was intended for 141 
future studies. 142 
 143 
Determination of the optimum HL:Plasma ratio required for endotoxin-induced 144 
coagulation in A. marginata haemolymph fractions 145 
 HL and Plasma  were mixed in various ratios and exposed to a final endotoxin 146 
concentration of 0.1 Endotoxin Unit per milillitre (EU/ml). The total volume of reaction mixture 147 
was 1.0 ml containing 0.1 ml  0.1M CaCl2. A control was prepared for each reaction mixture 148 
prepared in quadruplicates. The samples were then incubated at 37 °C for 1 h centrifuged at 800g 149 
to fix the coagulants to bottom of test tubes. The supernatants were discarded and the coagulants 150 
dissolved in 1 ml 9% w/v NaCl and  the protein content estimated by biuret reaction 151 
method(Gornall et al., 1949).  152 
Determination of Concentration dependence of endotoxin-induced protein Coagulation 153 
using HL: plasma mixture 154 
 After the determination of the optimal ratio (HL : Plasma), the ratio that gave maximum 155 
protein coagulation was utilized to study the concentration-dependence of the protein 156 
coagulation in archachatina marginata haemolymph. A reaction mixture containing equal volume 157 
of HL and plasma, 0.1 ml CaCl2 and 0.1ml of endotoxin was used( Endotoxin concentrations of 158 
0.0, 0.125, 0.25, 0.50, 0.75, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, and 5.0 EU/ml). A blank was 159 
prepared containing endotoxin-free water (endotoxin concentration ≤ 0.025EU/ml). Reaction 160 
mixtures were prepared in quadruplicates. The mixtures were incubated at 37 ° c for 1h, 161 
centrifuged at 800 g and supernatants discarded. The coagulants were dissolved in 0.9% w/v 162 
NaCl and protein content estimated by Biuret reaction (Gornall et al., 1949). Values were 163 
corrected with blanks prepared with endotoxin-free water(endotoxin concentration<0.025EU/ml) 164 
incubated with each HL:Plasma mixture. 165 
RESULTS 166 
 The dextrose solution innoculated with E. coli and sterilized by autoclaving after 48 h 167 
and tested for pyrogen. In anticipation of high endotoxin content the solution was diluted with 168 
pyrogen-free 0.9% w/v sodium chloride(1:9). The control dextrose solution that was sterilized 169 
immediately was also tested for pyrogen using the rabbit test method. The control gave a result 170 
of 0.75oC sum of response of 3 rabbits(pass limit≤ 1.15oC) while the 1:9 diluted 5% dextrose 171 
solution(experimental) gave a result of  2.80 oC (pass limit ≤1.15 oC, fail limit ≥2.65 oC SR of 3 172 
rabbits) see Table 1. From the result the average rise in temperature was 0.93o C which is 173 
equivalent to endotoxin injection of 40EU/ml/kg (Dalmora et al, 2004). Therefore in the 174 
undiluted sample the corresponding concentration of endotoxin was 40EU/ml. This estimation 175 
was used to calculate the required dilutions for preparing endotoxin solutions used in the 176 
subsequent experiments. 177 
The protein contents of the coagulants determined as A550 is shown in Fig. 1. The protein 178 
contents obtained with the presence of 0.1EU in each haemolymph fraction was significantly 179 
higher than those of the controls (p<0.05). The introduction of endotoxin caused extra quantities 180 
of protein to coagulate from the hemolymph fractions. There was maximum protein coaguation 181 
at HL: Plasma ratio of 1:1. Therefore maximum anti-endotoxin response in terms of protein 182 
coagulation was obtained as a synergy between the haemocytes(HL) and the Plasma(Figure 2). 183 
There was progressive increase in protein coagulation between endotoxin contents of 0 – 0.1EU 184 
per reaction mixture corresponding to concentrations of  0  to  1.0 EU/ml solution of endotoxin 185 
incubated with the haemocyte lysate:plasma mixture. At higher concentrations there was a drop 186 
in coagulation and a loss of concentration-dependent response(Figure 3). 187 
DISCUSSION 188 
Protein coagulation systems in invertebrates serve as an important process for limiting 189 
infection by pathogenic organisms. In the crustaceans(crabs and crayfish), coagulogen and 190 
coagulating enzymes(transglutaminases) which exist normally as zymogen  are involved in a 191 
cascade of protein coagulation to protect the integrity of the organisms(Kabawata et al, 1996; 192 
Vasqeuz e al., 2009). The prophenoloxidase cascade also leads to melanization in protein 193 
meshwork in insects and other invertebrates at the sites of injury. It was associated with cuticle 194 
formation in crustaceans such as Pacifastacus leniusculus. The presence of opsonin-related 195 
proteins was discovered in the freshwater crayfish (Soderhall and Lee, 2001) which helps in 196 
clearance of Escherichia coli from the crayfish haemolymph in vivo.  197 
 In Achatina  fulica, a related gastropod to Archachatina marginata, LPS-binding protein 198 
was reported. Achatinin-H was isolated and characterized(Sen and Mandal, 1995). Achatinin was 199 
also isolated from the haemolymph of  the same gastropod and characterized(Mandal, 2000) . 200 
The two proteins were lectins. On SDS-PAGE electrophoresing , Achatinin showed 16 subunits 201 
each 15kdal. Achatinin–H was shown to be homologous to that of Achatinin. Both lectins were 202 
shown to be of importance in the innate immunity of Achatina fulica as they respectively bind 203 
(E.coli O55: B5)lipopolysaccharide’s 9-O-acetyl sialic acid and coagulate out of solution. This 204 
reaction explains why E. coli cells are agglutinated by these lectins in A.fulica. 205 
 Archachatina marginata’s  heamolymph has the ability to form a dark clot on an injured 206 
area on the body surface of the snail. This observation presupposes that phenoloxidase activity 207 
exists in the hemocytes of the Archachatina marginata and suggests a melanization process as 208 
well as formation of a meshwork which may be responsible for hardening of the skin at such 209 
areas of injury 210 
 The results of this work indicate that there are endotoxin(LPS)-binding proteins present 211 
in the heamolymph fractions of the snail- the plasma, HLS , Heamocyte Lysate Debris (HLD) 212 
(Figure 1). The protein coagulation induced by endotoxin is a joint response by the LPS-binding 213 
proteins in the plasma as well as those produced by the haemocytes as shown in the response in 214 
the HL.  A synergystic response was produced by the haemocytel lysate (HL) and the Plasma 215 
when mixed in equal ratio.(Figure 2) . There was a progressive increase in protein coagulation in 216 
a mixture of HL/plasma until equal volume mixture of  the fractions was attained( Figure 2). 217 
This suggests that there is a celluar response in terms of protein degranulation as well as LPS-218 
binding of some plasma proteins simultaneously in response to the presence of endotoxin in the 219 
haemiolymph. This binding and coagulation  may serve a purpose in encapsulating and 220 
restricting an invading gram negative pathogen, proir to haemocyte engufing of the bacteria and 221 
endocytosis. Exposure of HL/Plasma mixture at optimal ratio to varying concentrations of 222 
endotoxin causes quantitative response in terms of protein coagulation to E.coli endotoxin 223 
(Figure 3). There was increase in the quantity of protein coagulates as endotoxin concentration 224 
increased from 0 to 1.0 endotoxin unit per ml (EU/ml). At higher concentrations there was a drop 225 
in the quantities of protein coagulated and  then no further significant change with increasing 226 
concentration of endotoxin.  227 
 The coagulated proteins are likely to be lectins. Such proteins were discovered in 228 
Achatina fulica - Achatinin-H and Achatinin. Achatinin-H (Sen and Mandal, 1995) and 229 
Achatinin (Mandal, 2000).  230 
CONCLUSIONS 231 
  From this experiment  lipopolysacharide-binding proteins exist in the heamolymphs of 232 
Archachatina marginata. There is a quantitative response to endotoxin concentration between 0 233 
and 1.0EU/ml by haemolymph fractions of A. marginata. This can be employed in the detection 234 
and quantification of bacterial endotoxin of medications meant for parenteral use. 235 
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Table 1 : Pyrogen Test Results of E.coli-contaminated 5% Dextrose solutions incubated for 
48 h before sterilization 
SAMPLE   *Response PASS LIMIT FAIL LIMIT COMMENTS 
Control (0.9%w/v NaCl)  0.20oC  ≤1.15 oC  ≥2.65oC  PYROGEN-FREE 
A    0.75o C  ≤1.15 oC ≥2.65o C PYROGEN-FREE 
B     (1:99 in 0.9% w/v NaCl)  1.35oC  ≤1.15oC  ≥2.65oC         PYROGENIC 
       (1:9 in 0.9% w/v NaCl) 2.80oC  ≤1.15oC  ≥2.65o    HIGHLY PYROGENIC 
*Sum of response of 3 rabbits. Results interpreted according to the British Pharmacopoeia, 2002. 
 
 Fig 1: Endotoxin-induced protein coagulation in Archachatina marginata haemolymph 
fractions 
 
  
FIGURE 2: Determination of optimal ratio of HL : plasma  required for endotoxin-induced 
protein coagulation in A. marginata haemolymph  
Each point represents the average value for four determinations.  
 
  
Figure 3: Determination of concentration dependence of endotoxin-induced protein coagulation 
in HL : Plasma mixtures of Archachatina marginata haemolymph fractions 
 
